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↑What is “already known” in this topic: 
Following blunt ankle trauma, radiographic examination of the 
ankle is suggested if there is pain in the malleolar zone, inabil-
ity to bear weight both immediately and in the emergency de-
partment (four steps), and if there is bone tenderness at the 
posterior edge or tip of the lateral or medial malleolus.   
→What this article adds: 
Applying a four steps weight-bearing rule as an only principle 
to detect ankle fractures is not accurate and sensitive. Lonely 
application of this rule may lead to an increasing number of 
missed fractures.  
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Abstract 
    Background: Ankle injuries are one of the most common complaints of patients presenting to emergency departments (ED). The 
Ottawa ankle rules (OAR) was introduced to help physicians to decide who may require x-ray for blunt injuries. The present study 
aimed at validating the four steps weight-bearing rule of OAR as a sole criterion. 
   Methods: This prospective observational study was conducted on 214 patients with acute ankle injury who referred to 3 emergency 
departments over a 7-months period in 2008. Main outcome measures of this survey included the sensitivity, specificity, positive and 
negative predictive values, and the likelihood ratios (positive and negative) of the four steps weight-bearing rule. 
   Results: In this study, 34 fractures were found among the patients. The decision rule had a sensitivity of 0.88 and specificity of 0.61 
in detecting all midfoot and ankle fractures. Application of this rule by emergency medicine residents resulted in a 47% reduction in 
the use of midfoot and ankle radiography. 
   Conclusion: Applying a four steps weight-bearing rule as a sole criterion to detect ankle fractures is not as accurate and sensitive as 
OAR. Solitary application of this rule may lead to an increasing number of missed fractures compared with OAR. 
Keywords: Ankle injury, Decision rules, Ottawa Ankle Rules, Four Steps Weight Bearing Rule 
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Introduction 
Ankle injuries are among the patients’ most common 
complaints in emergency departments (ED). It is estimat-
ed that more than 95% of the patients who refer to the 
hospital due to ankle or midfoot trauma are x-rayed (1). 
This policy is safe as it ensures that no fractures are 
missed, but it entails a high use of resources. Stiell et al. 
suggested that the Ottawa ankle rules (OAR) might help 
the physicians to screen patients who do not need ankle x-
ray. 
The OAR has a set of criteria based on clinical examina-
tion (1). It suggests radiographic examination of the ankle 
under the following conditions: (1) pain in the malleolar 
zone, (2) inability to bear weight both immediately and in 
the ED (four steps), and (3) bone tenderness at the poste-
rior edge or tip of the lateral or medial malleolus (2-9). 
They also recommended midfoot radiographs in the fol-
lowing cases: pain in the midfoot z one, an inability to 
bear weight both immediately and in the ED (four steps), 
and bone tenderness at the navicular or the fifth metatarsal 
(9). 
Although interpretation of the bone tenderness item ap-
pears to be the most challenging task when applying the 
rule (2), and while some studies have revealed that even 
after attending a one-hour training program on the proto-
col, physicians did not use the OARs (3), other studies 
have shown that considering only a part of the OAR and Do
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2 
disregarding one of the malleoli will substantially de-
crease sensitivity (4).  
The present study aimed at detecting whether applying 
weight bearing (four steps test) as a sole criterion is as 
sensitive as the OAR rule in predicting ankle fracture and 
identifying the need for ankle and midfoot radiographs. 
 
Methods 
This prospective study was conducted on 214 patients 
with ankle pain following a blunt trauma, who referred to 
the emergency departments of Imam Reza and Shohada 
hospitals in Mian-Do-Ab (Abbasi) in a 7-month period 
starting September 2008. All patients were clinically ex-
amined by an emergency medicine resident (PGY-3) and 
classified according to their ability to bear weight at the 
emergency department. 
Patients who were younger than 12 or older than 50 
years, those with Glasgow Coma Scale (GCS) less than 
15/15, those with surgical problems (e.g., abdominal pain 
or severe chest pain), and those with cardiac diseases with 
the New York Heart Association (NYHA) Functional 
Class greater than 2 were excluded from the study. 
We used data collection forms to gather the results of 
physicians’ interpretation of radiographs and the four 
steps test. 
All patients were routinely referred for standard ankle 
radiography series (anteroposterior & lateral views). The 
examining physicians interpreted the radiographs at the 
time of the visit (5). Later, a Board-certified radiologist, 
who was unaware of physical exam results, interpreted all 
x-rays.  
SPSS software program (Version 16.0, SPSS, Inc., Chi-
cago, IL) was used for statistical analysis. Sensitivity, 
specificity, positive and negative likelihood ratio, and 
positive and negative predictive value with a 95% confi-
dence interval were calculated. Chi-square test was used 
to compare the proportions of patients who were able to 
bear weight and to yield the negative radiographs between 
the 2 groups. P< 0.05 was considered as statistically sig-
nificant. 
 
Results 
During the study period, from September 2008 to March 
2009, we found that 214 patients were eligible for enroll-
ment, of whom 12 met the exclusion criteria and 2 were 
missed, leaving a total of 200 (93.45%) patients who were 
enrolled at 3 centers (Figure 1). 
The overall mean±SD age in the study group was 
32.58±8.96 years, and 147 (73.5%) were male patients. 
The mechanisms of injury, types of fracture, and their 
frequencies are demonstrated in Table 1. 
The weight bearing (four steps) rule was used to assess 
all 200 patients; of them, 106 (53%) did not meet the cri-
terion (able to bear weight at least four steps) in the physi-
cal examination, of whom 102 had normal radiography 
results. Also, 94 (47%) patients met the criterion “unable 
to bear weight”, and the radiography results of 30 patients 
showed a fracture. 
As demonstrated in Table 2, the overall sensitivity and 
specificity of the four steps test in predicting fractures 
were 88.2% (95% CI:73.4%-95.3%) and 61.4% (95% 
CI:53.9%-68.5%), respectively. The negative predictive 
value, negative likelihood ratio, positive predictive value, 
and positive likelihood ratio were calculated to be 0.96 
(95% CI: 0.90-0.98), 0.19, 0.31 (95% CI: 0.23-0.41), and 
2.28, respectively (p= 0.001). 
 
 
 
Fig. 1.  Distribution of the Patients 
 
Patients eligible 
for inclusion  
N=214
Patient excluded 
N=14
Patient included 
in this study 
N=200
Unable to weight 
bearing          
N=94
Fracture                 
N= 30
No fracture          
N=64
Able to weight 
bearing              
N= 106
Fracture                 
N= 4
No fracture          
N=102
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Discussion 
This prospective observational study cannot prove that 
weight bearing in four steps test, as a sole rule, has ac-
ceptable sensitivity. We chose only the weight-bearing 
item of this protocol because we believed that we could 
decide the ankle radiographies by taking into account only 
weight-bearing abilities. However, the study did not con-
firm our hypothesis. Meanwhile, considering the mecha-
nism of injury, motor vehicle accidents consisted of 62% 
of our study population. However, in the study of the Ot-
tawa ankle rules (OAR), most patients (83.9%) were in-
jured by ankle twisting and only 2% of the injuries were 
due to motor vehicle accidents. This major difference in 
study settings might have affected the results. In addition, 
most of the patients were male (73.5%). Sex differences 
might have affected the results. Since 1981, several stud-
ies have been conducted to establish predictive rules to 
use radiography in ankle trauma (5-7). Although other 
studies have shown that the OAR protocol is the most 
recommended and validated (2,5,8-10), we decided to 
consider the weight- bearing rule of the protocol separate-
ly to confirm the four steps test as a sole criterion. 
We found 88.2% sensitivity in the four steps test. Our 
results are similar to those of Pigman et al. (11). Accord-
ing to some studies, decision- making based on only one 
part of OAR is not encouraged (4,11). Moreover, other 
studies showed that the overall interobserver reliability of 
ankle physical examination in OAR is acceptable (1,12).  
We suggest replicating this study with larger sample 
sizes in multiple centers and making comparisons with 
OAR in the same population. In addition, further suggest-
ed evaluations include assessing the weight- bearing valid-
ity based on the amount of time elapsed since trauma. 
Meanwhile, future studies should compare OAR with oth-
er rules for their district/ethnicity. 
One limitation of this study was its lack of large sample 
size which included a total of 200 patients who were en-
rolled into the study from 3 centers during 7 months. An-
other limitation was failure to completely perform OAR 
clinical examination to compare the results. The last but 
not least limitation was related to differences in trauma 
mechanism between our study and OAR. 
 
 
Conclusion 
Our prospective study could not prove the validity of 
weight- bearing (four steps test) as a sole rule to decide 
whether or not patients with blunt ankle injuries need x-
ray. 
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Table 1. Characteristics of the Patients 
Characteristic Total (%) 
Sex 
Male 
Female 
 
147 (73.5) 
53 (26.5) 
Age mean (±SD), year 32.58±8.96 
Mechanism of injury 
Motor vehicle crash 
Direct trauma (ankle sprain) 
Fall 
 
124 (62) 
64 (32) 
12 (6) 
 
Table 2. Outcome of Ankle Injuries 
 Radiography  
Weight bearing Fracture No fracture Total (%) 
Met criterion 
Did not meet criterion 
30 
4 
64 
102 
94 (47) 
106 (53) 
 
D
ow
nl
oa
de
d 
fro
m
 m
jiri
.iu
ms
.ac
.ir 
at 
19
:09
 IR
ST
 on
 Th
urs
da
y F
eb
rua
ry 
22
nd
 20
18
    
    
  [ 
DO
I: 1
0.1
41
96
/m
jiri
.31
.32
 ]  
